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Preface 
Exercise Physiology: Australia and New Zealand is intended for students interested in exercise physiology, 
clinical exercise physiology, human performance, kinesiology, sports and exercise science, physical therapy 
and physical education. The overall objective of this text is to provide the student with an up-to-date 
understanding of the physiology of exercise. 

This text contains numerous clinical applications, including exercise tests to evaluate cardiorespiratory 
fitness and information on exercise training for improvements in health-related physical fitness and sports 
performance. 

Continuing the legacy of the American editions of this text, the central theme of the book remains the 
regulation of homeostasis during exercise. However Exercise Physiology: Australia and New Zealand builds 
on the foundation of the original text and provides context for students studying in Australia and New Zealand 
and academics teaching courses in these countries. 

While the core concepts of exercise physiology remain constant across the world, this local edition has 
allowed us to make the text more relevant and engaging for students studying in Australia and New Zealand. 
From making examples more applicable by reflecting sports that are played here, to considering both thE 
historically rich and current research produced in both countries, and by including local statistics, guidelines 
and units of measurement, we hope that this�edition of the text will be the best resource for students 
studying exercise physiology in Australia and New Zealand. 
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The Online Learning Centre COLC) that accompanies this text is an 
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This computerised package allows instructors to custom design, 
save and generate tests. The program permits instructors to edit, 
add or delete questions from the testbank thereby customising 
tests for their students. 
Authored by Michael Simmonds, Griffith University. 

Instructor Resource Manual 

The instructor resource manual provides detailed teaching notes 
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Authored by Ajmol Ali, Massey University. 

Powerpoint 

� LearningCentre 

Welcome to the Online turning Centre for 
EJtf/N:ls•PhY$1ology, lstEdltfon 

�-·-- .. --l-C-. ....... ,,�-· __ ,..i. .. .-...,. -.. •toci-
.......... _._.._.,..,�------loll----..,._ 

u_ .. ,.,,,_,...,._,,_n.-i..,.._,_..,Pool••"....,.-"' .. .,.,..-. ..... ,.... 
c-.,.., ... �.....--....··-·-

-·-.. -...-.--...... -... """"""" ............. __ ,_ .. , 
�� .. --� 

m �����kin 

CHAPTER 9 

Circulatory Responses to 
Exercise 

A set of PowerPoint® slides accompanies each 
chapter and provides a lecture outline, plus key 
figures and tables from the text. These slides 

Appendices 

These appendices provide additional information, 
guidelines and calculations that will aid students 
throughout their studies. Where relevant, these 
appendices are referenced throughout the text. 

Animations 

A series of animations are provided to help students 
visualise concepts and processes, including glucose 
regulation, respiration, gas exchange and muscle 
contraction. 
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core concepts from each chapter. 
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A Closer Look 

A Closer Look offers an in
depth view of topics that are 
of special interest to students. 
This feature encourages 
students to dig deeper about 
key concepts. 

Learning Objectives, Chapter 
Outlines and Key Terms 

T hese elements appear at the start of 
each chapter and preview the content 
that follows. focusing students' attention 
on the key concepts and terms to be 
discussed in the chapter. 
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Research Focus 

No matter what their career direction , 
students must learn how to read and 
think about the latest research. Research 
Focus presents new research and 
explains why it is relevant. 
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Study Questions 

These questions allow 
students to check their 
understanding of the chapter 
contents, apply skills they 
are learning and develop their 
critical thinking skills. 

Clinical Applications 

This feature shows how the concepts 
being learned in exercise physiology 
are applied in a clinical setting. 
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The Winning Edge 

How do athletes find the 'extra 
edge' that can make the difference 
between victory and defeat? This 
feature explains the science behind 
a winning performance. 
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Located online these appendices 
provide additional information, 
guidelines and calculations that 
will aid students throughout 
their studies. Where relevant, 
these appendices are referenced 
throughout the text. 







Lea r n i n g  O bjectives 

By studyi ng this cha pter, you should be able to do the 
fol lowi ng: 

I . 1 Describe the scope of exercise physiology as a branch of 
physiology. 

Outl ine 

Brief History of Exercise Physiology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 
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Physiology, Physical Fitness and Health . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 

Physical Education to Exercise Science . .  . . . .  .. . .  . . .  .. . . . .  . . . .  . .  . .  8 

Graduate Study and Research in the 
Physiology of Exercise . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 

1 . 2  Describe the influence o f  European scientists o n  the 
development of exercise physiology. 

1 .3  List career options for students majoring in exercise 
science, sport science or exercise physiology. 

Professional and Scientific Societies and Research 
Journals . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10 

Training in Research . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10 

Careers in Exercise Science, Sport Science or 
Exercise Physiology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 1  



D
oes one have to have a 'genetic gift' of speed to be a world-class 
runner or is it all due to training? What happens to your heart 

rate when you take an exercise test that increases in intensity each 
minute? What changes occur in your muscles as a result of an 
endurance-training program that allows you to run at faster speeds 
over longer distances? What fuel-carbohydrate or fat-is most 
important when running the marathon? Research in exercise 
physiology provides answers to these and similar questions. 

Physiology is the study of the function of tissues (e.g. muscle, 
nerve), organs (e.g. heart, lungs) and systems (e.g. cardiovascular 
system). Exercise physiology extends this to evaluate the effect of a 
single bout of exercise (acute exercise) and repeated bouts of exercise 
(e.g. chronic exercise, or training) on these tissues, organs and 
systems. In addition, the responses to acute exercise and training 
may be studied at high altitude or in extremes of heat and humidity 
to determine the impact of these environmental factors on our ability 
to respond and adapt to exercise. Finally, studies are conducted on 
young and old individuals, both healthy and those with disease, to 
understand the role of exercise in the prevention of, or rehabilitation 
from, various chronic diseases. 

Consistent with this perspective, we go beyond simple 
statements of fact to show how information about the physiology of 
exercise is applied to the prevention of and rehabilitation from 
coronary heart disease, the performances of elite athletes and the 
ability of a person to work in adverse environments such as high 
altitudes. The acceptance of terms such as sports physiology, sports 
nutrition and sports medicine is evidence of the growth of interest in 
the application of physiology of exercise to real-world problems. 
Careers in sport science, clinical exercise physiology and strength 
and conditioning, as well as the traditional fields of physiotherapy 
and medicine, are of interest to students studying exercise physiology. 
We will expand on career opportunities later in the chapter. 

In this chapter, we provide a brief history of exercise physiology 
to help you understand where we have been and where we are 
going. In addition, throughout the text a variety of scientists and 
clinicians are highlighted in a historical context as subject matter 
is presented (i.e. muscle, cardiovascular responses, altitude). We 
hope that by linking a person to a major accomplishment within 
the context of a chapter, history will come alive and be of interest 
to you. 

(a) (b) 

(a) Archibald V. Hi l l, (b) August Krogh, (c) Otto F. Meyerhof 
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B R I E F  H I STO RY OF EXERC I S E  

PHYS I O LOGY 

The history o f  exercise physiology represents a global perspective 
involving scientists from many different countries. In this section 
we begin with the impact European scientists have had on the 
development of exercise physiology. We then describe the role of 
the Harvard Fatigue Lab in the growth of exercise physiology in the 
US as well as contemporary influences on exercise physiology 
across the world. 

European Heritage 

A good starting place to discuss the history of exercise physiology is 
Europe. Three scientists, A. V Hill of Britain, August Krogh of 
Denmark and Otto Meyerhof of Germany, received Nobel Prizes 
for research on muscle or muscular exercise.1 Hill and Meyerhof 
shared the Nobel Prize in Physiology or Medicine in 1922. Hill 
was recognised for his precise measurements of heat production 
during muscle contraction and recovery, and Meyerhof for his 
discovery of the relationship between the consumption of oxygen 
and the measurement of lactic acid in muscle. Hill was trained as a 
mathematician before becoming interested in physiology. In 
addition to his work cited for the Nobel Prize, his studies on humans 
led to the development of a framework around which we understand 
the physiological factors related to distance-running performance2 
(see chapter 19). 

Although Krogh received his Nobel Prize for his research on the 
function of capillary circulation, he had a major impact on numerous 
areas of investigation. Further, like many productive investigators, his 
influence was not due only to his own work, but to that of his students 
and colleagues as well. Krogh's collaboration with Johannes Lindhard 
resulted in classic studies dealing with carbohydrate and fat 
metabolism during exercise, and how the cardiovascular and 
respiratory systems' responses are controlled during exercise.3 Three of 
Krogh's students, Erling Asmussen, Erik Hohwii-Christensen and 
Marius Nielsen (called the three musketeers by Krogh), had a major 
impact on exercise physiology research throughout the middle of the 
twentieth century. These investigators, in turn, trained a number of 
outstanding physiologists, several of whom you will meet throughout 

(c) 
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this text. 1he August Krogh Institute in Denmark contains some of the 
most prominent exercise physiology laboratories in the world. Marie 
Krogh, his wife. was a noted scientist in her own right and was 
recognised for her innovative work on measuring the diffusing capacity 
of the lung. We recommend the biography of the Kroghs written by 
their daughte1� Bodi! Schmidt-Nielsen (see Suggested Readings), for 
those interested in the history of the physiology of exercise. 

Several other European scientists must also be mentioned, not 
only because of their contributions to the physiology of exercise, but 
because their names are commonly used in a discussion of exercise 
physiology. J. S. Haldane did some of the original work on the role of 
C02 in the control ofbreathing. Haldane also developed the respiratory 
gas analyser that bears his name.4 C. G. Douglas did pioneering work 
with Haldane in the role of02 and lactic acid in the control ofbreathing 
during exercise, including some work conducted at vaiious altitudes. 
The canvas-and-rubber gas collection bag used for many years in 
exercise physiology laboratories around the world catTies Douglas's 
name. A contemporary of Douglas, Christian Bohr of Denmark, did the 
classic work on how 02 binds to haemoglobin. The 'shift' in the oxygen
haemoglobin dissociation curve due to the addition of C02 bears his 
name (see chapter 10). Interestingly, it was Krogh who did the actual 
experiments that enabled Bolu- to describe his fan1ous 'shift'.5• 6 

The 'three musketeers': From left to right: Erl ing Asm ussen, 
Erik Hohwu-Christensen and Marius Nielsen. 

I N  S U M MARY 

• A. V. Hill ,  August Krogh and Otto Meyerhof received the Nobel 

Prize for work related to muscle or muscular exercise. 
• Numerous European scientists have had a major impact on the 

field of exercise physiology. 

Harvard Fatigue Laboratory 

A focal point in the history of exercise physiology in the US was the 
Harvard Fatigue Laboratory. Professor L. J. Henderson organised the 
laboratory within the Business School to conduct physiological 
research on industrial hazards. Dr. David Bruce Dill was the research 
director from the time the laboratory opened in 1927 until it closed in 
1947.7 Table I.l shows that the scientists conducted research in 
numerous ai·eas, in the laboratory and in the field, and the results of 

those early studies have been supported by more recent investigations. 
Dill's classic text, Life, Heat and Altitude, 8 is recommended reading for 
any student of exercise and environmental physiology. Much of the 
cai·eful and precise work of the laboratory was conducted using the 
now-classic Haldane analyser for respiratory gas analysis and the van 
Slyke apparatus for blood-gas analysis. 1he advent of computer
controlled equipment in the 1980s has made data collection easier l!Jut 
has not improved on the accw-acy of measurement (see figure I. l ). 

David Bruce Dil l  

TABLE 1 .1 

Metabolism 

Active Research Areas in the Harvard 
Fatigue Laboratory 

Maximal oxygen uptake 

Oxygen debt (now termed Excess Post-exercise 

Oxygen Consumption or EPOC) 

Carbohydrate and fat metabolism d u ring long-term work 

Environmental physiology 

Altitude 

Dry and moist heat 

Cold 

C l in ical physiology 

Gout 

Schizophrenia 

Diabetes mel l itus 

Ageing 

Basa l  metabolic rate 

Maximal oxygen uptake 

Maximal heart rate 

Blood 

Acid-base bala nce 

02 saturation: role of p02, pC02 and carbon monoxide 

N utrition assessment tech niq ues 

Vita mins 

Foods 

Physical fitness 

Harvard Step Test 
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Figure 1.1 Comparison of o l d  and new technology used to measure oxygen consum ption a n d  carbon d ioxide production d uring exercise. (Left: The 
Carnegie I nstitute of Wash ington, D.C.; Right: COSMED.) 

The Harvard Fatigue Laboratory attracted doctoral students as 
well as scientists from other countries. Many of the alumni from the 
laboratory are recognised in their own right for excellence in research 
in the physiology of exercise. Two doctoral students, Steven Horvath 
and Sid Robinson, went on to distinguished careers at the Institute 
of Environmental Stress in Santa Barbara and Indiana University, 
respectively. 

Foreign 'Fellows' included the 'three musketeers' mentioned in 
the previous section (E. Asmussen, E. Hohwii-Christensen and M. 
Nielsen) and the Nobel Prize winner August Krogh. These scientists 
brought new ideas and technology to the lab, participated in 
laboratory and field studies with other staff members, and published 
some of the most important work in the physiology of exercise 
between 1930 and 1980. Rudolpho Marga.ria, from Italy, went on to 
extend his classic work on oxygen debt and described the energetics 
oflocomotion. Peter F. Scholander, from Norway, gave us his chemical 
gas analyser that is a primary method of calibrating tank gas used to 
standardise electronic gas analysers.9 

In summary, under the leadership of Dr. D. B. Dill, the Harvard 
Fatigue Laboratory became a model for research investigations into 
exercise and environmental physiology, especially as it relates to 
humans. When the laboratory closed and the staff dispersed, the 
ideas, techniques and approaches to scientific inquiry were 
distributed throughout the world and with them, Dill's influence in 
the area of environmental and exercise physiology. Dr. Dill continued 
his research outside Boulder City, Nevada, into the 1980s. He died in 
1986 at the age of93. 

Antipodean Infl uences 

In 1981 the Australian Institute of Sport (AIS) opened in Canberra, 
prompted in part by the 1976 Montreal Olympics, in which the 
Australian team failed to win a gold medal, leaving the nation 
embarrassed by this sporting low point. While the AIS has influenced 
numerous athletes, coaches and sports, it has also had an influence on 
exercise physiology in the region. Along with the associated state 
sport institute and academy network, the AIS has been regarded as a 
place that has driven sport science development and research in 
Australia. The AIS is associated with a number of world-renowned 
sport scientists, trained many more, and inspires many undergraduates 

studying in the area. Researchers such as Professor Chris Gore have 
become world leaders in athletes' use of altitude training methods, 
and the AIS is a now a place in which researchers from around the 
world seek to collaborate. More recently, the use of exercise or physical 
activity has become increasingly important in preventing and assisting 
in the treatment of chronic diseases. In Australia, Sports Medicine 
Australia and Exercise and Sport Science Australia (ESSA) (www.essa. 
org.au) have helped develop many new opportunities and careers 
within the clinical setting. The equivalent organisations in New 
Zealand are Sports Medicine New Zealand (www.sportsmedicine. 
co.nz) and Sport and Exercise Science New Zealand (SESNZ) (www. 
sesnz.org.nz). While SESNZ offers accreditations in exercise science, 
these do not yet receive the same scope for government-level 
recognition and remuneration as ESSA accreditation does. Institutions 
across Australia and New Zealand conduct many courses in these 
areas along with world-class expe1ts conducting related research. 

Contemporary approaches to research in exercise physiology 
are often cross-disciplinary, requiring the expertise of teams of 
individuals. For instance, while fatigue has often been thought of as 
originating in muscle, new methodologies are revealing how much 
the brain is involved in the fatigue process.10 Similarly, advances in 
the fields of genetics are increasingly revealing how we adapt to 
training.1 1  Other recent research is revealing the risks of sitting for too 
long or sedentary behaviour.12 Modern research teams often integrate 
a range of expertise and this makes for fascinating exercise physiology 
wherever you are in the region-or, indeed, wherever you are in the 
world. 

Progress towards understanding any issue in exercise physiology 
transcends time, national origin and scientific training. Solutions to 
difficult questions require the interaction of scientists from diverse 
disciplines and professions such as physiology, biochemistry, 
molecular biology and medicine. We recommend Exercise 

Physiology-People and Ideas (see the Suggested Readings) to further 
your understanding of important historical connections. In this book, 
internationally known scientists provide a historical treatment of a 
number of important issues in exercise physiology with an emphasis 
on the cross-continent flow of energy and ideas. We highlight several 
scientists and clinicians with our Ask the Expert boxes throughout 
the text, both to introduce them to you and for them to share their 
current ideas. In addition, A Look Back-Important People in Science, 
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(a) (b) 

(a) Steven Horvath, (b) Sid Robi nson ( left) in h is  lab, ta lk ing with A. C. Burton. 

is used to recognise well-known scientists who have influenced our 
understanding of exercise physiology. In this context you will get to 
know those who have gone before and those who are currently 
leading the charge. 

I N  S U M MARY 

• The Harvard Fatigue Laboratory was a focal point in  the 
development of exercise physiology in the US. Dr. D.  B. Dill 
directed the laboratory from its opening in 1 927 until its closing 
in 1 94 7. The body of research in exercise and environmental 
physiology produced by the scientists in that laboratory formed 
the foundation for new ideas and experimental methods that 
still influence us today. A similar focus was developed in 
Australia in 1 98 1  with the opening of the AIS to advance the 
sporting prowess of Australian athletes based on sound 
principles of exercise and sport science. 

PHYS I O LOGY, P HYS ICAL F ITN ESS 
AND H EA LTH 

Physical fitness is a popular topic today and its popularity has been 
a major factor in motivating university students to pursue careers 
in exercise science, exercise physiology, sport science, physical 
education, nutrition, physiotherapy and medicine. In the 2007-08 
National Health Survey, 72% of Australians aged 15 years and over 
were classified as sedentary or having low exercise levels.13 Since 
then, it has been reported that 63.4% of Australians over the age of 18 
are overweight or obese; consequently, obesity is now a national 
health priority in Australia.14 While it is acknowledged that survey 

information has various limitations, it seems that while New Zealand 
adults may be more active than their Australian counterparts, the 
prevalence of overweight and obesity in New Zealand is on par with 
Australia. Specifically, in the New Zealand Health Survey 201 1- 12, 
S4% of adults (aged 15 years and over) reported that they undertake 
at least 30 minutes of moderate-intensity physical activity at least five 
days per week; the figures are lower for Pacific women and Asian 
adults of both sexes, and � 12% of adults are sedentary. On the other 
hand, 64% of adults are overweight or obese; these rates are the same 
for both sexes, both having risen since 2006-07, along with the 
incidence of type 2 diabetes.15 Concerns about physical fitness are 
not new, with American researchers taking an interest in physical 
fitness more than one hundred years ago and Australian and New 
Zealand researchers examining this area much later.16· 17 Between the 
Civil War and the First World War (WWI), physical education in the 
US was primarily concerned with the development and maintenance 
of fitness and many of the leaders in physical education were trained 
in medicine18 (p. 5). For example, Dr. Dudley Sargent, hired by 
Harvard University in 1879, set up a physical training program with 
individual exercise prescriptions to improve a person's structure and 
function to achieve 'that prime physical condition called fitness
fitness for work, fitness for play, fitness for anything a man may be 
called upon to do'19 (p.  297). 

Sargent was clearly ahead of his time in promoting health
related fitness. Later, war became a primary force driving that 
country's interest in physical fitness. Concerns about health and 
fitness were raised during WWI and WWII when large numbers of 
draftees failed the induction exams due to mental and physical 
defects20 (p. 407). These concerns influenced the type of physical 
education programs in the schools during these years, making them 
resemble premilitary training programs21 (p. 484). Interestingly, 
whereas stunted growth and being underweight were major reasons 



Dudley Sargent 

for rejecting military recruits in WW II, obesity is the major cause 
for rejecting recruits today. 

_ 

111e present interest in physical activity and health was 
stimulated in the early 1950s by two major findings:1 autopsies of 
young soldiers killed during the Korean War showed that significant 
coronary artery disease had already developed2 and, Hans Kraus 
showed that American children performed poorly on a minimal 
muscular fitness test compared to Emopean children22 (p. 516). 
Due to the latter finding, President Eisenhower initiated a conference 
in 1955 that resulted iri. the formation of the President's Council 
on Youth Fitness. 111e American Association for Health, Physical 
Education and Recreation (AAHPER) supported these activities and 
in 1957 developed the AAHPER Youth Fitness Test with national 
norms to be used in physical education programs throughout the 
country. Before he was inaugmated, President Kennedy expressed his 
concerns about the nation's fitness in an article published in Sports 
ntustrated, called 'The Soft American'.23 

For the physical vigor of our citizens is one of America's 
most precious resources. If we waste and neglect this 
resource, if we allow it to dwindle and grow soft, then we 
will destroy much of our ability to meet the great and 
vital challenges which confront our people. We will be 
unable to realize our full potential as a nation. 

During Kennedy's term, the council's name was changed to the 
'President's Council on Physical Fitness' to highlight the concern for 
fitness. The name was changed again in the Nixon administration 
to the 'President's Council on Physical Fitness and Sports', which 
supported fitness not only in schools but in business, industry and 
for the general public (see www.fitness.gov). 111e name was most 
recently changed by President Obama to the 'President's Council on 
Fitness, Sports, & Nutrition' to focus more attention on the obesity 
epidemic. Items in the Youth Fitness Test were changed over the 
years and in 1980 the American Alliance for Health, Physical 
Education, Recreation and Dance (AAHPERD) published a separate 

Introduction to Exercise Physiology 7 

Health-Related Physical Fitness Test Manual24 to distinguish 
between 'performance testing' (e.g. 50-yard dash) and 'fitness 
testing' (e.g. skinfold thickness). This health-related test battery is 
consistent with the direction of lifetime fitness programs, being 
concerned with obesity, cardiorespiratory fitness and low-back 
function. A parallel fitness test, FitnessGram®, was developed by 
The Cooper Institute in 1982, including software to support the 
scoring and printing of reports (see www.fitnessgram.net/home). 
Within Australia, a similar generic battery of fitness tests was 
developed for the Australian Fitness Education Award in the late 
1980s. For readers interested in the history of fitness testing in 
schools within the US, Park's monograph in the Suggested Readings 
is recommended. 

Paralleling this interest in the physical fitness of youth was the 
rising concern about the death rate from coronary heart disease in 
the middle-aged American, Australian and New Zealand populations. 
Epidemiological studies of the health status of the population 
underscored the fact that degenerative diseases related to poor 
health habits (e.g. high-fat diet, smoking, inactivity) were responsible 
for more deaths than the classic infectious and contagious diseases. 
1n 1966, a major symposium highlighted the need for more research 
in the area of physical activity and health.25 In the 1970s, there was an 
increase in the use of exercise tests to diagnose heart disease and to 
aid in the prescription of exercise programs to improve cardio
vascular health. Large corporations developed corporate health 
programs to improve the health status of that high-risk group. While 
most Americans, Australians and New Zealanders are now familiar 
with such programs and some students of exercise physiology seek 
careers in 'Corporate Fitness', such programs are not new. The photo 
in figme I.2, taken from the 1923 edition of McKenzie's Exercise in 
Education and Medicine, 26 shows a group ofbusinessmen in costume 
doing dance exercises. ln short, the idea that regular physical activity 
is an important part of a healthy lifestyle was 'rediscovered'. lf any 
questions remained about the importance of physical activity to 
health, the publication of the Surgeon General's Report in 1996 and 
the appearance of the first US Physical Activity Guidelines in 2008 put 
them to rest (see A Closer Look I.1).  

Figure 1.2 A group of businessmen in a dancing class u nder the 
direction of Oliver E. Hebbert. 
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By the early to mid- 1 980s, it had become clear 
that physical inactivity was a major public health 
concern.27 In 1 992, the American Heart 
Association made physical inactivity a major 
risk factor for cardiovascular diseases, just l ike 
smoking, high blood pressure and high serum 
cholesterol.28 The Heart Foundation in Australia 
and Heart Foundation New Zealand quickly 
followed suit. In 1 995, the Centers for Disease 
Control and Prevention CCDC) and the 
American College of Sports Medicine published 
a public health physical activity recommendation 
that ' Every U.S.  adult should accumulate 30 
minutes or more of moderate-intensity physical 

activity on most, preferably all, days of the 
week'.29 A year later, the Surgeon General 's 
Report on Physical Activity and Health was 
published. 30 

• lower the risk of dying prematurely and from 
heart disease 

• reduce the risk of developing diabetes a�d 
high blood pressure 

This report highlighted the fact that physical 
inactivity was killing US adults and the problem 
was a big one-60% of US adults did not 
engage in the recommended amount of physical 
activity and 25% were not active at al l .  This 
report was based on the large body of evidence 
available from epidemiological studies, small
group training studies and clinical investigations 
showing the positive effects of an active lifestyle. 
For example, physical activity was shown to: 

• help maintain weight and healthy bones, 
muscles and joints 

• help lower blood pressure in those with high 
blood pressure and promote psychological 
wel l-being. 

In  200 1 , the first Physical Activity Guidelines 
for Australians were developed31 and outlined 
the minimum levels of physical activity required 
to gain a health benefit and ways to incorporate 
incidental physical activity into everyday life.32 

I N  S U M MARY 

• Fitness has been a n  issue i n  westernised countries from the 
latter part of the nineteenth century until the present. War, or 
the threat of war, exerted a strong influence on fitness programs 
in the public schools in the US.  In WW I I ,  being underweight 
and small of stature were major reasons for rejecting military 
recruits; today, obesity is a major cause for rejection. 

• Recent interest in fitness is related to the growing concern 
over the high death rates from disease processes that are 
attributable to preventable factors, such as poor diet. lack of 
exercise and smoking. Govern ment and professional 
organisations have responded to this need by educating the 
public about these problems. 

P HYS ICAL E D U CATION TO EXERCISE 
SCI E NCE 

Undergraduate academic preparation in exercise science has 
changed over the past five decades to reflect the explosion in the 
lmowledge base related to the physiology of exercise, biomechanics 
and exercise prescription. This occurred at a time of a perceived 
reduced need for school-based physical education teachers and an 
increased need for exercise professionals in the preventive and 
clinical settings. These factors, as well as others, led some university 
departments to change their names from Physical Education to 
Human Movement or Exercise Science. For example, New Zealand's 
oldest such school, established in 1948, extended its name in 2013 to 
the School of Physical Education, Sport and Exercise Sciences to 
reflect the change in emphasis. This trend is likely to continue as 
programs move further away from traditional roots in education and 
become integrated within faculties of Medicine, Science or Allied 
Health.33 In many universities, little difference now exists between 
the first two years of requirements in physiotherapy or pre-medical 
pathways and the path associated with exercise and sporting 
professions. The differences among these pathways lie in the 

'application' courses that follow. Biomechanics, physiology of exercise, 
fitness assessment, exercise prescription, strength and conditioning 
and so on belong to the exercise science conduit. However, it must 
again be pointed out that this new trend is but another example of a 
rediscovery of old roots rather than a revolutionary change. Kroll 
describes two 4-year professional physical education programs in the 
1890s, one at Stanford and the other at Harvard, that were 
the forerunners of today's programs34 (pp. 51-64). 1hey included the 
detailed scientific work and application courses with clear 

- prerequisites cited. Finally, considerable time was allotted for 
laboratory work. No doubt, Lagrange's 1890 text, Physiology of Bodily 
Exercise, 35 served as an important reference source for these students. 
The expectations and goals of those programs were almost identical 
to those specified for current exercise physiology undergraduate 
tracks. In fact, one of the aims of the Harvard program was to allow a 
student to pursue the study of medicine after completing two years of 
study36 (p. 61). 

G RADUATE STU DY A N D RESEARCH 
I N  TH E PHYS I O LOGY O F  EX E RC I S E  

While the Harvard Fatigue Laboratory was closing in 194 7, the US was 
on the verge of a tremendous expansion in the number of universities 
offering graduate study and research opportunities in exercise 
physiology. A 1950 survey showed that only 16 colleges or universities 
in the US had research laboratories in departments of physical 
education.37 By 1966, 151 institutions had research facilities, 58 of 
them in exercise physiology38 (p. 526). This expansion was due to the 
availability of more scientists trained in the research methodology of 
exercise physiology, the increased number of students attending 
college due to the GI Bill and student loans and the increase in federal 
dollars to improve the research capabilities of universities. 39• 40 

'The scholar's work will be multiplied many fold through the 
contribution of his students: TI1.is quote, taken from Montoye and 
Washburn,41• 42 expresses a view that has helped attract researchers 
and scholars to universities. Evidence to support this quote was 
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presented in the form of genealogical charts of contributors to the 
Research Quarterly.43 These charts showed the tremendous influence 
a few people had through their students in the expansion of research 
in physical education. Probably the best example of this is Thomas K 
Cureton, Jr., of the University of Illinois, a central figure in the training 
of productive researchers in exercise physiology and fitness (see 
A Look Back-Important People in Science). 

approach, crossing disciplines and technologies, should be reflected 
in the academic programs educating the next generation of exercise 
science students. We recommend the chapters by Tipton46 and 
Buskirk and Tipton47 for those interested in a detailed look at the 
development of exercise physiology in the US. 

I N  S U M MARY 
It should be no surprise that the major issues studied by 

researchers in exercise physiology have changed over the years. 
Table I.2, from Tipton's look at the fifty years following the closing of 
the Harvard Fatigue Lab, shows the subj ect matter ru·eas that were 
studied in considerable detail between 1954 and 1994.44 A great 
number of these topics fit into the broad area of systemic physiology 
or were truly applied physiology issues. Although research continues 
to take place in most of these areas, Tipton believes that many of the 
most important questions to be addressed in the future will be 
answered by those with special training in molecular biology. 
Baldwin45 supported Tipton's viewpoint and provided a summary of 
important questions dealing with exercise and chronic disease whose 
answers are linked to functional genomics and proteomics, important 
new tools for the moleculru· biologist. However, he also noted the 
need for increased research to address physical activity and chronic 
diseases at the lifestyle and behavioural levels. This 'integrated' 

• The increase in research in exercise physiology was a catalyst 
that propelled the transformation of physical education 
departments into exercise science and human movement 
departments. The number of exercise physiology laboratories 
increased dramatically between the 1 950s and 1 970s, with 
many dealing with problems in systemic and applied physiology 
and the biochemistry of exercise. 

Thomas K. Cureton ,  Jr. ,  Ph .D.  

Dr. Thomas K .  Cureton, 
Jr., was born in Florida in 
1 90 1 . He studied electrical 
engineering for two years at 
Georgia Tech and completed 
his undergraduate degree in 
that area at Yale University 
in 1 925. During his childhood 

and throughout his college career he was very 
interested in sports, becoming a champion 
runner and swimmer along the way. This 
stimu lated his interest in exercise and training 
and he completed elective coursework in 
anatomy, physiology and biology at Yale as a 
part of his undergraduate degree. After 
graduation and while working full time, he 
completed cou rsework for a B.S.  in physical 
education in 1 929 at Springfield College, one 
of the best-known schools for training in that 
area. He was appointed as an instructor in 
mathematics and chemistry at that college and 
eventually became director of its Biophysics, 
Anthropometry and Kinesiology Laboratory. 
Over the course of the next 1 0  years, he 
completed his M.S.  CSpringfield College) and 
Ph.D. CColumbia University) degrees.48 

The focus of Dr. Cureton's research was on 
physical fitness. In 1 94 1  he was hired by the 

• In  the future, the emphasis wil l  be on molecular biology and its 
developing technologies as the essential ingredients needed 
to solve basic science issues related to physical activity and 
health. 

• However, there is no question about the need for additional 
research to better understand how to permanently change the 
physical activity and eating behaviours of individuals in order to 
realise health-related goals. 

University of I l l inois and three years later he 
opened the Physical Fitness Research 
Laboratory, one of the few laboratories in the 
world dedicated to studying the impact r�f 
exercise on fitness and health. The laboratory 
developed and validated fitness tests, 
established norms for those tests, developed 
methods to prescribe exercise to improve 
fitness and provided opportunities for graduate 
students to do research projects49· so Cpp. 
1 77-83). 

Dr. Cureton was an incredibly productive 
writer and speaker, not just for science-related 
publications and conferences, but also for 
public consumption, especially through the 
YMCA. He was a strong voice for using physical 
activity to help patients recover from various 
medical problems. Given the fact that this was 
a time when physicians were recommending 
bed rest, it is  no surprise that he had an uphil l  
battle. However, Dr. Cureton made his point by 
showing, through his research, the importance 
of having patients become physically active in 
order to return to a productive life. In addition, 
he was an early advocate of preventing 
problems in the first place; his 'Run for Your 
Life' program at the University of Il l inois was put 
in place long before jogging became a popular 

activity. He became a well-known public figure 
appearing on TV, was interviewed by numerous 
papers and became a focus of a special Time
Life book, The Healthy Life: How Diet and 
Exercise Affect Your Heart and Vigour.51 If you 
were to read that book today, within the context 
of our current epidemics of obesity and physical 
inactivity, you would realise how far ahead Dr. 
Cureton was in the promotion of physical 
activity and fitness. 

As mentioned earlier, one of the primary 
purposes of Dr. Cureton 's Physical Fitness 
Research Laboratory was to provide 
opportunities for graduate students to become 
trained in doing research on physical fitness. 
The proceedings from a symposium honouring 
Dr. Cureton in 1 969 listed sixty-eight Ph . D .  
students who completed their work under his 
direction.52 Although Dr. Cureton's scholarly 
record includes hundreds of research articles 
and dozens of books dealing with physical 
fitness, the publications of his students in the 
areas of epidemiology, fitness, cardiac 
rehabilitation and exercise physiology represent 
the 'multiplying effect' that students have on 
a scholar's productivity. For those who would 
like to read more about Dr. Cureton, see 
Berryman's article.53 
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TABLE 1 .2 Significant Exercise Physiology Subject Matter Areas That Were Investigated between 1 954 and 1 994 

A. Basic Exercise Physiology 

Exercise Specificity 

Exercise Prescription 

Central and Pe r iphera l Responses and Adaptations 

Responses of Diseased Populations 

Action ofTra nsmitters 

Regu lation of Receptors 

Cardiovascular  and Metabol ic Feed Forward a n d  Feedback 

Mechan isms 

Substrate Uti l isation Profi les 

Matching Mechanisms for Oxygen Del ivery and Dem and 

Mecha nisms of S igna l  Tra nsd uction 

I ntrace l lu l a r  Lactate Mechanisms 

P l asticity of M uscle F ibres 

Motor Functions of the Spina l  Cord 

Hormonal Responses 

The Hypoxemia of Severe Exercise 

Cel lu l a r  and Molecu la r  Ada ptive Responses 

B. Applied Exercise Physiology 
Performance of El ite Ath letes 

Performance and Heat Stress 

Exercise at Altitude 

Nutritiona l Aspects of Exercise 

F lu id Bala nce During Exercise 

Performance and Ergogenic Aids 

Tra in ing  for Physical Fitness 

From: C. M. Tipton, Contemporary exercise physiology: Fifty years after the closure of Harva rd Fatigue Laboratory. In Exercise and Sport Sciences Reviews, vol. 26, pp. 3 1 5-39, 
1 998. Edited by J. 0. Ho l loszy. Baltimore: Wi l l iams & Wilkins. 

P R O F E S S I O N A L  A N D  SCI ENTI F IC 
SOCI ETI ES A N D  RESEA RCH J O U R NA LS 

1he expansion of interest in exercise physiology and its application to 
fitness and rehabilitation resulted in an increase in the number of 
professional societies in which scientists and clinicians could present 
their work. Prior to 1950, the two major societies concerned with 
physiology of exercise and its application were the American 
Physiological Society (APS) and the American Association of Health, 
Physical Education and Recreation (AAHPER). The need to bring 
together physicians, physical educators and physiologists interested 
in physical activity and health into one professional society resulted 
in the founding of the American College of Sports Medicine (ACSM) 
in 1954 (see Berryman's history of the ACSM in the Suggested 
Readings), Sports Medicine Australia and Sports Medicine New 
Zealand in 1963, and, more recently, Exercise and Sport Science 
Australia in 1991, and Sport and Exercise Science New Zealand in 
1993. 

The explosion in exercise physiology research over the past 
60 years has been accompanied by a dramatic increase in the number 
of professional and scientific societies and research journals 
communicating research findings. Table 1.3 provides a list of some 
of the main research journals that publish research in exercise 
physiology. 

Training in Research 

One of the clear consequences of this increase in research activity is 
the degree to which scientists must specialise to compete for 
research grants and to manage the research literature. Laboratories 
may focus on neuromuscular physiology, cardiac rehabilitation or 
the influence of exercise on bone structure. 

1his specialisation in research has generated comments about 
the need to emphasise 'basic' research examining the mechanisms 
underlying a physiological issue rather than 'applied' research, which 
might describe responses of persons to exercise, environmental or 
nutritional factors. It would appear that both types of research are 
needed and, to some extent, such a separation is arbib·ary. For 

example, one scientist might study the interaction of exercise 
intensity and diet on muscle hypertrophy, another may characterise 
the changes in muscle cell size and contractile protein, a third might 
study changes in the energetics of muscle contraction relative to 
cytoplasmic enzyme activities and a fourth might study the gene 

TABLE 1.3 Sample of Research Journals for 
Exercise Physiology Research 

Acta Physiologica (Sca ndi navia) 

Adapted Physical Activity Quarterly 

American Journal of Physiology 

Aviation, Space and Environmental Medicine 

Applied Physiology, Nutrition, and Metabolism 

European Journal of Applied Physiology 

European Journal of Sport Science 

Exercise and Sport Sciences Reviews 

International Journal of Sports Medicine 

International Journal of Sport Nutrition 

International Journal of Sports Physiology and Performance 

Journal of Aging and Physical Activity 

Journal of Applied Physiology 

Journa! of Cardiopulmonary Rehabilitation 

Journal of Clinical Investigation 

Journal of Nutrition 

Journal of Physical Activity and Health 

Journal of Physiology 

Journal of Science and Medicine in Sport 

Journal of Sport Science 

Journal of Strength and Conditioning Research 

Medicine and Science in Sports and Exercise 

Pediatric Exercise Physiology 

Research Quarterly for Exercise and Sport 

Sports Medicine 



expression needed to synthesise that contractile protein. Where does 
'applied' research begin and 'basic' research end? In the introduction 
to his text Human Circulation,54 Loring Rowell provided a quote from 
T. H. Huxley that bears on this issue: 

I often wish that this phrase 'applied science' had never 
been invented. For it suggests that there is a sort of 
scientific knowledge of direct practical use, which can be 
studied apart from another sort of scientific knowledge, 
which is of no practical utility and which is termed 'pure 
science'. But there is no more complete fallacy than this. 
What people call applied science is nothing but the 
application of pure science to particular classes of 
problems. It consists of deductions from those principles, 
established by reasoning and observation, which constitute 
pme science. No one can safely make these deductions until 
he has a firm grasp of the principles; and he can obtain that 
grasp only by personal experience of the operations of 
observation and of reasoning on which they are found.55 

Solutions to chronic disease problems related to physical 
inactivity (e.g. type 2 diabetes mellitus, obesity) will come from a 
range of scientific disciplines-from epidemiologists on the one 
hand56 to cell biologists on the other.57 We hope that all forms of 
enquiry are supported by fellow scientists so that present theories 
related to exercise physiology are continually questioned and 
modified. Last, we completely agree with the sentiments expressed in 
a statement ascribed to Arthm B. Otis: 'Physiology is a good way to 
make a living and still have fun'.58 

I N  S U M MARY 

• The growth a n d  development o f  exercise physiology over the 

past 60 years has resulted in dramatic increases in the number 

of organisations and research journals. These journals and 

professional meetings provide additional opportunities for 

research findings to be disseminated. 
• A greater need exists for un iversity graduates to identify and 

specialise in a particular area of research in their careers in 

order to find the best mentor and un iversity program to realise 
career goals. 

CAREERS I N  EXERC I S E  S C I E N C E, S PO RT 
S C I E N C E  OR EXERCISE P HYS I O LOGY 

Over the past 30 years there has been a sustained growth in career 
opportunities for those with academic training in exercise science. 
Currently, students pursue careers as exercise scientists and 
accredited exercise physiologists in private, commercial, work-site, 
and hospital settings; strength and conditioning in commercial, 
rehabilitative and sport-related environments; and the traditional 
allied health professions (e.g. physiotherapy, occupational therapy) 
and medicine (e.g. physician assistant, sports physician). For those 
interested in a career as an accredited exercise physiologist, 
coursework is not enough-students must develop the requisite 
skills needed to perform the job. That means that students should be 
completing practicum and internship experiences under the 
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direction of a professional who can pass along what cannot be taught 
in a classroom or laboratory. Students should make contact with 
their advisors early in the program to maximise what can be gained 
from these experiences. Interested students should read the article 
by Pierce and Nagle on the internship experience.59 However, more 
may be needed to realise yom career goal. 

In Australia, those who are interested in working with 
individuals with chronic diseases or conditions should undertake 
accreditation as an exercise physiologist (AEP) through the Exercise 
and Sport Science Australia pathway. AEPs are university-qualified 
allied health professionals who specialise in the delivery of exercise, 
lifestyle and behaviomal modification programs for the prevention 
and management of chronic diseases and conditions. To attain 
accreditation as an AEP, a student must complete study at a 
university that has ESSA-approved National University Comse 
Accreditation Program certification. This ensures that the student 
will gain sufficient theoretical and practical experience to work as 
an allied health professional in this field. 

Over the past few years a special initiative, Exercise is Medicine™ 
(http://exerciseismedicine.org.au) was developed by the American 
College of Sports Medicine and the American Medical Association 
and expanded into Australia to encourage those working in the 
medical and the allied health professions to routinely promote 
physical activity to their patients. In addition to that goal, these 
health professionals need to know where to refer patients when they 
need more formal support for their physical activity program. For 
example, physiotherapists need to know where to direct their patients 
after initial treatment has been completed. This emphasises the need 
for good communication between the allied health and fitness 
professionals. This text provides the essential information to help all 
of you be more effective in that regard. 

Last, but not least, if you are interested in pursuing a career in 
research so that you can teach and complete research at a university 
or other research institution, you should become involved in 
research while you are an undergraduate. You might volunteer as a 
participant for another student's research project, take course credit 
to assist yom lectmer in his or her research or use a summer break 
to work in a researcher's lab at another institution. If a particular 
area of research interests you, perform a PubMed search (www.ncbi. 
nlrn.nih.gov/pubmed) to see who is cmrently active in the area, 
which will help you narrow down potential postgraduate programs. 
Go online and determine what the requirements are for admission 
to the postgraduate programs you are interested in; this· will give y01: 
time to take appropriate coursework to meet those requirements. 

I N  S U M MARY 

• A variety o f  career paths exist for undergraduates majoring in 

exercise and sport science. Get some practical experience 

while you are an undergraduate to help you make a decision 

about your future, and facilitate entry to a profession or 

postgraduate school. 
• Organisations such as Exercise and Sport Science Australia, 

Sports Medicine Australia, the Australian Strength and 

Conditioning Association and Sport and Exercise Science New 

Zealand have developed certification programs to establish a 

standard of knowledge and skill to be achieved by those who 

lead and assist with exercise programs. 
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STU DY Q U E STI O N S  
1 .  Identify two of the most prolific scientists i n  your personal area of interest 

in exercise physiology and briefly describe what they have done. Use a 
research database at the library to find your references. 

2. Pick a topic of interest in exercise physiology and describe how a 
molecular biologist might approach it compared to a scientist interested 
in doing studies with humans. 

3. Identify one potential career that you are interested in and find out the 
current expectations for growth in that profession, what a typical salary is 
and what additional degrees (if any) are needed to realise your goal. 

4. Identify the primary scientific meeting your lecturers attend. Find out if 
the organisation that sponsors that meeting has a membership category 
for students, how much it costs and what you would receive (e.g. j ournals) 
if you joined. 
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